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As the Nation’s principal conservation agency, the Department

of the !nter~or $as basic responsibilities for water, fish, wildlife,

mineral, ~a~d, park, and recrea+!ona! resources. Indian Territorial

afFairs are other ma~or concerns of America’s “Department of

Natural Resources”.

The Department works to assure the wisest choice in managing

a!! our resources so each will make its full contribution to a better

United States–now and in the future.

FOREWORD

This is one of a continuing series of reports designed to present

accounts of progress in saline water conversion and t17e economics of

its application. SUC!-I data are expected to contribute +0 the long-range

development of economical processes applicable to low-cost demineraliza-

tion of sea and other saline water.

Except for minor editing, the data herein are as contained in a report

submitted by the contractor. The dato and conclusions given in the report

are essentially $hose of the contractor and are not necessarily endorsed by

the Qepartrnent af the Interior.
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PRACTIG4L PRO13LEMS IN COMBINING ELECTRIC
POWCR PRODUCTION WITH SEA Y;ATER DESALINATION

FOREWORD

The San Diego Test Facility primarily consists of two

experimental distillation plants using steam extracted from

a modified pre-existing steam turbine generating unit which

is owned and operated by the San Di~go Gas & Electric Co.

Being the first large scale combination of water & power

cycles, it has provided a unique opportunity to evaluate

the practical problems which have arisen. Most are discus$ed

in detail, but it should be emphasized that these particular

problems may not be entirely representative of those which

would occur with large dual-purpose plants designed specific-

ally for dual cycle operation.

The reports’ remarks and conclusions should not be

construed to imply a negative attitude concerning the

project’s feasibility to those not familiar with the

particular circumstances of this installation. The intent

is simply to point out the problems which have occurred and

provide sufficient detail for those making studies for the

future to evaluate the possibility of re-occurrence and

their effect on physical design snd economics.
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PRAGTICAL P~{ol”\LEMSIN CONBI;QI};GELECTRIC
FO:;jSRFJR(.10UCTl[)P;‘JIT1;SEA ‘VATER DESALINATION———.. .— .— ..—— .._______ . ..—

by

Jon P. Hard\’.r2y

INTRO~)UCTION—.——-—

The following attempts to explain some of the major oper-

ating problem~ incurred ciuring the first yearts operation of a

large scale combined power & desalination cycle. It iS not

primarily writt?ri for those already in the power production

industry, but r~ther for those who are becoming associated

with and affected by it for the first time. The comments

apply primarily to problems associated with operation of the

Multi-Stage Flash Test Module rather than the Senator Clair

Engle Desalting Plant due to its larger size having a greater

effect on power plant operation.

Much of the mat~riai is necessarily related to a partic-

ular system but it still should serv~ as a starting point

when consid~ring future designs. Electric power system re-

quirements are ever changing and induce changes in generating

equipment opcratinq mod~s that can quite e~sily affect pre-

dicted operating and cost pariim~ters of combined water and

power production installations.

For convenience, the discussion has been divided into

ssp~rate subjects a~ follow~:



[a●

b.

c.

d.

e.

f.
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h.

Description

Fewer V$ ‘Wa-tc?r Lernands

Power Generating Capability

Interruptible Power Supplies

“1’urbin@Crossover Extraction CorKLrol

Condensate? Quality Control

Coordination of Operation

Conclusions

DESCRIPTION—.—.

on October 14, 1966, the San Diego Gas & Electric Company

signed a Lic~nse figreem~nt with the U.S. Department of the

interior’s office of Saline ‘Y!aterto effect the fir:;t large

scale “marriage” of ~team power production with desalination

of sea water. At the present time, combined cycles include

OS’,;lsone million gallon per day full th~rmal cycle Senator

Clair Engle Plant and the first Niulti-Stage Flash T~st Module,

a full scale portion of a 50 mgpd plalnt capable of producin9

2.5 mgpd of product water. Eott] are based on the flash

di~tillation principl?. Szn Diego Gas & &lectric Corlpdny

licensed the us? of up to 20 acres of their South Bay Pol.ver

Plant. property to C)SW to construct. the San Di~go Test F2cility.

Steam for the brine heaters and ejectors is primarily supplied

by ex~raction from the Power Plantts Unit 3 Turbine. Conden-

sate from the brine heaters is returned to the lJnit 3 conden-

~a-tc cycle at a point dfter the low pressure feedwater

heat+rs but before the deaeratinq heater.



Figure “l” is a simplified diagra!]lof the combined cycles

while Figures “3” and “4” show the two cycles in grc+t,e~ de-

tail. The boiler is a Riley Stoker gas and oil fired turbo-

fired unit capable of supplying 1,1S1 Itilbi’hrof steam un(der

normal operfiting condition~ of 2150 psig at 1000 F & 1000 F

reheat. It also has a peaking capability to supply 1,422

Mlb/hr at 2575 psig at 950 F/950 F. The turbine is a General

Electric 3600 Rpm tandem compound double flow unit rated at

167.7 Mw with normal throttle steam conditions of 2000 psig,

1000 F/1000 F, and 1.5 in. Hg exhaust pre~sure. Its peak

rating is 210.5 NW with throttle steam conditions of 2400

psig, 950 F/950 F, and 2.() in. Hg exhaust pre~sure. The tur-

bine drives a 224 Mva hydrogen and oil cooled generator at

90% power factor. Hydrogen pressure is normally maintained

at 30 psig and increased to 45 psig under peaking conditions.

The condenser is a Westinghouse 111,900 sq ft, 2 pass surface

condenser with 1 in. oil 90.10 Cu-Ni lubes, a divided hd.well,

and epoxy lined fabricated steel water boxes.

Major auxiliaries consist of two hotwel.1 or condensate,

two boiler feed, and two circulating water pumps, each designed

for 50% of peak load capability. Make-up wa-t,eris purchased

from California-American Vlater Co., softoned by a sodium

zeolite softener, and then evaporated by any or all of the

power plant’s one submerged tube and two flash evaporators.

Maximum evaporative capacity for th~ three units is 33 Mlb/hr

or 66 gprn. Excess make-up water is stor~d in two 50 M gal

and one 100 M gal surge tanks havinq a combined usable capacity

3
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via the power plant make-up systems in the case of Clair

Engle, and to the condensate system between the fourth low

pressure heater and the deaerztor as sholwrrfor the Module

in Figure “3”. The power plant, make-up system is utilized

for the Clair Engle return ,SOthe condensate may be returned

to a unit othsr than Unit 3 if saturated steam from Units 1

and 2 is bejng used.

One oth(+r difference iz that the Clair Englc condensate

return system includes a non-regeneraiiv~ demineralizing

polisher as returned condensate temperatures prev~nted the

use of a regenerative type. The initial costs o~” a similar

demineralize to handle the approximately 2(’)-1greater volume

r+turning from the MoaulQ precluded a similar installation

on that system, Unfortunately, the polisher manufacturer

has yet to achieve satisf;;c”iory op~ration of his equipment.

Both condensate return systems have autom~:tic condensate

dumping system~ controlled by conductivity cells to divert

any contamination away from th~ power plant cycle. Under

dumping conditions, the quantity dumped has to be repl~ced

within the power plant ~ystem. The amount used by the Clair

Engl~ Plant is normally only 17.5 Mlb\hr at rated output and

is within the capability of the power plant make-up bystem

if n~cded to maintain their op~ration.

Module condensate dumping represents a different problem.

Its 360 Mlb/hr steady state u~age at rated output with its

prezent operating mode for simulating the low temperature end

of a 50 mgpd plant represents over 30% of the turbine throttle



flovv with the turbine at rat~d load. The p~rcen’tage obviously

increases at lower turbine loadinq. Tthe increase of Module

consumption to 500 Mlb/hr with thh planned simulation of high

temperature ~nd operation increases the problem. AS the quan-

tities of such make-up are obviously beyond power plan’~ capa-

bilities, an additional source of make-up condensate for the

powar plant cycle was required.

A sephrate 100 M gal tank h~s been provided to supply

this make-up. The tank is normally kept filled with deminer-

alized product water of a quality suitaile for the power plant

cycle. When the Module condensate return is dump~d due to

contamination! the OS!d make-up pump (!2504) automa’.ically

starts and provides the necessary make-up to the power plant

cycle via a control valv~ (VX 329) and a perforated header

just above the hotwell divider in the corid~nsdr. Although

this involves a control transition by returning the condensate

to the condenser hotwell instead of the deaerator, it has

introduced no cycle control problbms. The intent of this

feature was to allow sufficient time for eith~r a correction

of the contamination or an orderly shutdown of the Module.

This can range from l% to 2 hours with the Module at rated

output depending on its operating mode. Replenishment of

this supply depends on the 50 gpm or 25 Mlb/hr product water

demineralize c~pacity and/or availability of power plant

condensate in its own stor~ge tanks. The latter source will

be substantially lessened with the 1971 addition of Unit 4

to the power plant, as comparatively little additional



make-up c~paciiy is contemplated,

POWER VS V.4TER i)EMANDS

Two basic assumptions ~eem to bo valid. The first in-

volves the fundamental difference betwehn supplying ~lectric

power & wat~r. Power must be generat~d at the instant it i~

in dernand~ no more and no less. In its own form of energy$

ii cannot be stor~d during the low consumption pc+riocis and

utilized during peak d~mands. The water supply industry,

on the other hand, haa a historic~l background and practice

of using reservoirs for storago to meet their peak demands.

In other words, it seems logical that load demands for powQr

production must take precedence over water production where

there is conflict.

The second correlative assumption lies in the value of

electric power. Because of the instantan~ous unyielding

demand during peak loads, its value primarily depend~ on

peak period availability. Off-peak-only power, therefore,

has a lower value. The net effect is to assign a penalty

to wat~r production to compensate for the added electrical

system fuel cost imposed by th~ use of less efficient

generating units required to make up the unavailable gener-

ating capacity because of water production. The penalty

involved is of greater magnitude during peak periods as

replacement power generation must be shifted further to

older and more inefficient units. A similar penalty also

applies during low power requirem~nt periods if the generated



load has to be maintained at a higk~er output than its most

efficient level in relation to other units. This penalty

concept also applies to long term operation in that a

particular generating unit’s early constant base load

status will undoubtedly change to variable economic loading

concepts as larger, more effici~nt units are added to a

growing $ystem.

P20BLE!JS IN MEETING ELECTRIC PUVJE;lDEXANDS——..——

Figure “5” shows typical electric povfPr requirc?m~+nt~

over a 24-hour period. The system shown has its annual pfiak

load on a w~ekday during thv winter which is assumed to bc

100% ● Demand characteri~tics are a150 sho~tjnfor wint~r ~url-

days and holidays which represent th~ low point du~in~ ‘ilat

season. Similar curves are also shown for the lower dema,nd

weekday and Sunday-holiday periods during th~ summfir. ~at-

urday demands generally fall between the weekday and Sunday-

holiday curves and are not slhown. The more importart con-

siderations with respect to maintaining constant wat~r

production rates involve the extremes of winter peak loads

(100%) and night time “valleys” (30-35% of maximum annual

demand) .

The right side of Figure “5” are “building bloc~~” arraY~

(columns A thru E) of scaled unit capabilities in .asccnding

order of: a base loaded nucl~~r plar)t, incoming tie line

power for peak pr;riocis, and convdntionfil power pl?nt R gas

turbine driven uniis of generally decreasing sizes (in percent

12
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of annual peak demand) and efficiencie~. Unit number 3 repre-

sents the unit combified with th:: desalination tect facility

and stiows three capabilities: pfiaking capability without

extraction to the Module (l?)~)~ normal capability without

extraction to the Module (15%), and reduced normal capability

with rated extraction to tho liodule (12%). Tot=l number of

units and th~ir scaled capabilities are ~pproximat.c+ only and

simply serve for illustrative purpose~.

A power system is designed so its minimum total in-

sexvice capability is such th:~t its peak demandt can still

be met without the largest unit being available for s~rvice.

If there is, as in this particular case, a contractual

immediate demand requirement to supply neighboring utiJ.i.ties

with up to 5% of the daily peak demand, the system capability

must be either 1057; of peak system demanc~ or 100?~ plus the

greatest load being gener:ted by any one unit, whichever is

larger. In this case, Unit 3’.5 peak capabi].ity, without

Module extraction being utilized, is ass,umed to he l[i~~.

Therefore, the total system capabilj.ty must be 118% of the

annual peak demand.

Optimum planning, of course, would r~sult in having only

enough units in service at any tim~ capable of g~nerating the

load plus the necessary margin. Column A shows the number

of units in s~rvice to car~y the winter peak assuming no ex-

traction to the N!odule and Unit 3 is already in the peaking

mode at maximum load. A total of 14 units or sources are

shown capable of 120~~ of the peak load wl-,ichis ample margin

14



for the unscheduled loss of Unit 3’s 18;~ or to supply the 5~~

contract demand.

Column B shows a simj.lar set-up show~.nq the different

condition involv~d while extractirig zt~am to the Module.

Turbint limitations prevent going into the peaking mode

while such extraction is being made wpii~h reduces it~ ready

capability frofii18~i to a range of 12-15% depending on the

amount of steam being extracted. With tiiif capability re-

duction of the largest unit, the ready reserve requirement,

drops to 12-15% level which is still within th~ 14 unit

block’s capability thru the peak. per~od. “P,eady reserve”

is the unused ~pinnin~ reserve capacity of units already

in service. The alternats is a contractual “half hour

cap~bility” which is reserve czp~city which can be in ~ezvice

providing power within a half hour from call. Unit 3~s

peaking capability is contractually ccns~dered half hour

capability unless it is already in the peaking modc~ b~lcau~e

of the timo required to change.

Should one of the larger units, such as Unit 4, trir~

off the line, howevtr, a new situation exis,ts as shown by

Column C. The maximum available capability is ~ufficient

to meet thcj peak load but insul’ficient to meet the contrac-

tual or syttem ready reserve requirernerit. Under these

system emergency conditions, the quickest restoration of the

required capability is the reduction or interruption of the

extraction steam flow to ttie Nodule. This capability .is also

contractually considered to be half hour capability although



sliqh-Lly less than two minute~ is recjuircd.

Colun)n:i 11& E ill,u:,t.rate t}:c oth~:r ext.rerrrqduring the

system load “valleys” in the early morning hours. The

nuclear unit is still. ba~e loaued providing the same amount

of power a~ during the peak periods. There is no incoming

Tie-Lin~} power. The most efficient units remain in service

and although the units shovjn as Block~ 6, 7, & 8 are less

efficient, they are located at iho opposit~ end of the

system. Good opertting practice dicta~es that at lea~t one,

and sometimes all three> be kept in service to avoid having

all units in servic~ located in a single plant or geographic

area.

This creates an additional problem to th;:t previously

mentioned concerning re~dy res~rve capability and this is

one of minimum loading of units in service. Although unit~

can be gen~raily reduced to 30% or les~ of their rated cap-

abilities, pra~”~ical minimumt ~eq~~i~e hiqh~r ~aluQ~ that

will enabl~ the units to increa~c load rapidly in ca~e of a

syst@m emergency. Columns D & E thdrefore show minimum

practical loading with the minimum numb~r of units in s~rvice

for system reliability during the “valleys”. The minimum

allowable loads may be also increased if gas fuel curtailment

is such that, a combination of fuels is required on one unit.

This has the effect of raising minimum loading from 30 to

50% on the particular unit(s) so affected as two fuel flow

control valves would be on their minimum stops instead of

just one.



Column D indicates that minimum loadinqs ~re jus~ under

the exp~qted minimum system load and there is obviously suf-

ficient. capability to cover any rebervc requirements. Column

E, on the other hand, indicates that the minimum load on Unit

3 whj.le extracting the future 500 h’,lb/hrrated .st@am flow to

th~ Module will increase the normal “valley” period generator

output from 8% to 12%. With the othur required units in

service, the practical minimum loading is in PXCQSS of the

generation requirements. The obvious remedy is to reduce

extraction to the Modul~ to the point that reduced geriera-

tion of Unit 3 will allow mi.nirnum loading of Unit 6 and yet

stay within load requirements. Fortunately, the rated steam

flow to the Module with its present mode of operation with

few exceptions has presented no problerl) to date.

Not included in the abov~ illustration is th~ additional

probable nece:,sity of having another unit, (Jnit 7, on ~pinnin9

reserve at absolute minimum load during th~.s period in pre-

par~tion for the rising demand following the low lofid period.

All the shove has assumed all units available for ser-

vice for the annual peak demands. The situation i~ not neces-

sarily changed du~ing the lower summpr d~mand seasons. It is

during this p~riod that one or more units are remc)ved from

service for annual overhaul so the avail.abl~ capacity rela-

tive to the demand r~mains sub~tant’ially constant. This is

anoth~r way of sayinc~ that this is a year round problem.

What effect do th~se varying system load condition~ have

on the operation of the Module? If it can be assumed that

17



all units are available and are placed in $ervice in the

order shown, automatic economic con-l.rolof incremental loading

will vary Unit 3’s el~ct.rical loadinc: to ~ome degree in.,

pro!>ortion to the system loading. Th@ four horizontal lines

on Figure “5” indicate the available quantities of extraction

stca,m fo~ the Module at various time5 of the ciay if no

con~id{?ration werr given -for desired amounts. Whenever the

Ctpr[]~Y~ load is above 60?” of the annual peak, th~ maximum

500 Mlb/hr extraction to the Modl.~lP is available. The

bottom line indicates the syc,ternload b~low wh~.ch Unit 3

would be load~d so that no steam would be availabl@ for the

Module. Two other linc~ arc shown indicating th-t for system

loads above 40% or 45Y; of the annual peak load, 250 & 350

Mlb/hr extraction steam would be availabl~. History has

shown that Unit 3 loading has not b~en forced down to the

point that no steam is available to the Modul& but it does

show p~riods when the supply has been limited to th~ 200 to 250

Mlb/hr range.

!ieferring again to Figure 11511,it can be seen that eco-

nomical generation of electrical pow~r requires advance pro-

gramming o-f units in and out of service. Load Programming

SupcrviGors try to predict the load curve pattern each morn-

ing for the 24-hour period of the following clay. Each pow[?r

plant, in turn, provides its units’ capabilities for setting

up this program. Friday’s programmin~ covers a 72-hour

period thru Monday. It can be seen that close planning

coordination on a continuous basis by both powdr & water



producers is essential to avoid the expense of having too

many units in service or reducing the water production ratp

because insufficient steam is available.

Communication seems to be one of the major problems

without any int~nded fault by any of the parties concerned.

Both groups, power & water, naturally have their own objec-

tiv~s which are not always completely compatible during a

given period of time.

POWER GENERATING CAPABILITY.———

Figure “6’! is a typical annual load duration curve for

Unit 3 without factoring in the extraction of steam for the

Test Facility. It can be seen that peaking capability above

178 Mw Gross was utilized for 2.4% of the time. This is no

longer available while extracting steam to the Module for

turbin~ protection. Module extraction further reduc~s the

output of the generator approximately one megawatt for each

13,500 lb/hr of extraction (see Figure “7”). The cost of

transferring this reduction in load to less efficient units

was factored into the cost of steam so this is not a problem

from an economic standpoint.

However, it is necessary to maintain a minimum gross

load of 105 Mw to supply the present rated extraction demand

of 360 IvilhJhr if no minimum interface steam pressure is re-

quired. Recent acceptance tests requiring a minimum inter-

face pressure of 50 psig also required a higher minimum

generator output of 118 Mw. From Figure 1~6’1again, it can be
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seen that 5uch minimums require longer periods of g(;neration

abov~ those no~mally exp~cted during syst~m “valleys” by

economic load distribution among in-service units. This

represent an aclciitional cost of steam. It thvn follows

that establishment of a constant 24-hour pdr day wat::r pro-

duction rate requirinq a higher level of power generation

than would otherwise be ne@ded from an economic point will

cause an inc,rcase in cost of electrical power or product

water. The alt~rnate of extrac-ti.ng steam from a higher stage

during low g~neration pc:riods has the same effect with

respect to bo-th steam L capital costs. All this leads to

the conclusion that the optimizing of water cos-t~ in a

combined cyclt with a power plant rec;uirc~ con~iderat~.on of

the power cornpany’z present and future system load charac-

teristics and its effect on the combined unit or plant.

INTERRUPTIBLE POWER SUPPLIES-—+. .—

To achieve the lowest possible costs, electric power

is supplied to th~ entire Test Facility at their own sub-

station on an interruptible rate schedule. The only fore-

seen event that would precipitate an interruption woIJld be

a system disturbance of such magnitude that shedding firm

power cu~tomers would be r~quired. Und@r these circumstances~

interruptible customers should be shed fi,rst. Originally,

a manually operated push button in the Power Plant control

room served this function. However, a low frequsncy relay

has been installed to automatically trip the ~upply at 59.2

22



Hz . This ~houl(.i elimini-~~ the possibility of tripping too

soon or too late due to the human factor.

Even though ~uch an ir]t’erruption may be and probably is

a I’C2motP pos~ik)ility, it still may c~~ate a probl~m for the

CIS’WTest Facili-ty operating contractors. They must. evaluate

and include safe Lhutdown plans for the equipment ur]d~r their

control i,fl CaS(S ot” such a total potver 10s5.

QJR131NE CROSSOTdEH EXTRACTION CUNTROL—..—-. ..— —w—..—

As previously mentioned, steam for the h!odule is ex-

tracted from a sp~cially designed 42 in. crossover between

the intarmetiiato and low pressure turbines. A 36 in. butter-

fly valve in the cro~sov~r operated by a high pressure

hydrauli~ piston drive throttles the steam to the low pressure

tu~bin~ while ~tearn is extracted ahead of it to the Module

through a 24 in. G~,te Valve. Figures 11-711& ~1~11 ~holjv the

operating characteris-ti.cs with available extraction flows

& pressures consi$t,ent with th~ turbine and gfinerator loading.

The 36 in. butterfly valve was the largest available

which re$ulteci in some restriction in the crQssover. Th~

additional 10?s during non-extrac-tive normal srrvice with

the valve b~ocked open wa~ calculated to be 0.1% and te~ts

indicated an 0,08X increa>e in heat rate at the current load

factor. Th~ butterfly valve not only serves to provide th~

highest pos~ible ex-kraction pressure consistent with tu~bine

throttle flow i)ut ir al~o a part of the turbine protection

control. The valve blade has a 1 in. radial clearance around

I
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its circumference to provide cooling steam for the low pressure

turbine should the valve completely close. For operating

purposes, its range is from wide open to 15° from closed.

Early operation disclosed some design and fabrication

problems but correcting clearances and re-boring the body

for proper shaft alignment has apparently corrected these

deficiencies.

The 24 in. motor operated extraction line gate valve

was originally equipped with a 12% chrome fac~d disk & bronze

seat rings. Problems with galling of the seating surfaces

resulted in an eventual change to “Stellite” facing on both

disk & rings. So far, there has been no furth~r galling or

noticeable leakage when the valve is closed. A failure of

the bronze yoke nut which is part of the valve motor operator

raised some que~tion as to the cause. For awhile it was not

known whether it was an inherent failure of design, overstress

due to the valve being installed in an upside down position,

or too high a torque setting on the drive which was increased

by the manufacturer in an attempt to seat the original valve.

The consensus of opinion now indicates overstress due to the

latter cause and the mechanical portion of the operator was

replaced. A competitive electric motor valve operator in-

stalled in the 10th Stage Steam Extraction Line to the

Senator Clair Engle Plant also experienced a similar failure,

This may tend to indicate that electric valve operator

manufacturers may still have room for improvement in fre-

quent use applications.
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The motor operated 24 in. gate valve in the extraction

line serves as a shut-off valve when steam is not being ex-

tracted. Except for turbine temperature and differential

problems, it is manually operated from the pow~r plant control

room. Should high temperature or high differential pressure

across the intermedi~te pressure turbine blading occur, this

valve will automatically clo~e within two minutes with correla-

tive action of the butterfly valve as part of the turbine

protective controls. If this does not correct high temp~rature

which can occur at any extraction flow, the turbine runback

controls will then reduce unit load until the condition is

corrected. Failure to do so will trip the unit off the line.

Excessive pressure drop across the intermediate pressure stages

will trip the turbine directly if the closing of the gate valve

does not correct that condition before the differential in-

creases to the trip point.

Continuing minor problems with the high pressure hydraulic

system controlling the butterfly valve indicates that a second

pump for back-up should be considered if increased reliability

is desired for a permanent installation.

CONDENSATE QUALITY CONTROL

The Utility Services Agreement between OSVJ and San Diego

Gas & Electric Company makes the steam supply contingent upon

the condensate being returned in an “uncontaminated” condition.

“Uncontaminated” is defined in the agreement as dissolved

solids being no higher than the ratio of solids to water in
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the steam supplied or 25 parts per billion, whichever is

higher.

Previous tests of steam quality indica-tc that 25 ppb is

not an unreasonable limit although higher than is hoped for

during normal operation. Unfortunately, tests for dissolved

solids per se are not feasible for routine operating control.

FOZ such control, conductivity m~ters arp used kjased on 2 mmho

conductivity equalling approximately 1 ppm. This approximation

fails in any ~xactitude because of the interference of Cyclo-

hexylamine used to control. pH of the power plant condensate

as well as that of dissolved gases and ionized water. However9

all is not lost as operating parameters of Conductivity have

successfully achieved adequate control as checked by periodic,

qualitative & quantitative water analysis and inspections of

equipment.

Water quality control from an operating standpoint at

South Bay is held within the following limits: Boiler water

10-20 mmhos with a ratio of approximately 3 to 1 of Sodium

to Phosphate for a pH of 8.5-9.3 with no Sodium Chloride.

Chlorides indicate the presence of sea water due to condenser

or brine heater leakage with its inherently high boiler

danger factor due to accompanying magnesium and calcium

compounds. Silica control to prevent turbine blade deposits

is also critical but this has not been a problem in conjunction

with desalination due to the low silica content of sea water.

Emergency measures for sea water leakage consist of increasing

the free caustic content of th~ boiler water and blowing down.
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Unfortunately, too much free caustic raises the spectxe of

caustic attack or accelerated corrosion of the boiler metal.L

Another major fact,or of system protection also involves

the pre-boiler or conclenaate and boiler f~ed systems. Here,

control limits have been established within a pH of 9.0-9.5

controlled by addition of Cyclohsxylamine~ and periodically

dumping ammonia contaminated air ajector drains. Such COn-

trols result in a condensate copper content of less than 5

ppb and less than 10 ppb dissolved iron. Excess quantities

also have a delet~rious ef”fect on the boiler water side which

can only be remedied by acid cleaning.

Cation exchange column~ are used in conjunction wit-h

conductivity equipment to remove the interference of ammonia

and cyclohexylamine and to increase the sensitivity to

chlorides by converting them to hydrochloric acid. The net

result iz that normal condensate and boiler feed conductivities

at the point shown on Figures “3” ~ “4” are very close to

one mmho. For example, a one mmho reading at points 1 L 2

with no undue increase at point. 3 (boiler) water indicates

normal conditions. An increase in points 1 & 2 with a re-

sulting rise at point. 3 usually indicates a condensvr leak.

The introduction of condensate returned from the desal-

ination brine heaters introduces another variable. An

increase of conductivity at points 2 & 4 without an increase

at point 1 resulting in an increase of boiler water conduct-

lDENo1l,

.—.—
llFactor~ th~,t ~etermin~ Tr~~tme~t for Hi h preSSUrE?

Boilers”, Proc Amer Pwr Conf, XYVI, 753-6J (1964 7



ivity at point 3 would innicate contaminated condensate from

the hrin~ heaters, Accuracy of calibration of conductivity

equipment has been questioned several timv~. However,

experience has ~hown that normal patterns exist among the

three independent instruments in the power plant cycl(~ to the

extent that a deviation in calibration of one is readily

apparent. The result has been that a greatvr reliance has

been placed on t’hpm to i.nclicate adversr trends wi.thin the

pow~r plant cycle particularly in the case of” brine heater

contamination just under the alarrr & dump point.

Quality control of condensate from the brine theaters

thezeforc becomes a major factor in properly controlling

the quality in the power plant, cycle. This includds copper

and iron contamination as well as sea water a~ major factors.

Its effect is readily apparent when considering that the

Module brine heater condensate may account for up to 44X

of” the total fe~dwater flow to the boiler. Fortunately, no

adverse amounts of copper and iron have yet been detected.

The Clair Engle Condensate Polisher & the Product Water De-

mineralize are capable of removing these contaminant, A

turbidity m~ter with an alarm provision ha~ been ins-tailed

in the Module condensate return line in an effort to protect

against possible contamination from th,is source. The Module

steam and condensate lines are highly suspect due to their

comparatively long idle periods without steam or nitrogen

blanketing to prevent oxidation.

A major prohl~m fox a while was sea water leakage at



the brine heater. Fortunately such leakage is detected by

a rise in conductivity. Based on the norrrlalone nunho

conductiviti~~ of the powsr plant pre-boiler CYCle? the

original maximum allowable retu~n alarm settinq for Module

condensate return was 3 mmhos. Unfortunately, a few hours

operation just under this .Level increased the chloride (and

presumably magnesium L calcium compounds) content Of the

boiler water to the point that additional chemical treat-

ment & h~avy !olowdown procedure~ had to be instituted.

Other than the very real pos~ibility of long term boiler

damage, there is the) imrnedi.ate e[fect of’ decreasing the

amount of available make-up to the point that continued

operation of th~ conversion facility is not possible. AS a

result, the maximum allowable return was lowered to 1.5 mmhos

conductivity with the control point held as close to the

normal one mmho as possible. Early experience indicated that

this value has created no out of the ordinary operating problem.

It later developed that as the percentage of chloride~ in the

di~~olved solids were greater than the normal make-up solids

constituency, previous conductivity indices for solids content

were no longer valid. Although the rate of chloride injection

into the boiler has increased, it has not~ to date, been of

such greater significance to require a lowering of the control

point.

The question has been raised whether a short term allow-

ance of high conductivity return would be allowable to avoid

a premature interruption of an important test. The answer
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generally shouia be primarily based on an equivalent to an

emergency condition in an operating plant from the stand-

point of frequency. The prime objective of a test bed plant

is the running of tests and such requests could easily

approach a frequency incompatible with good power plant

operating practice. Experience acjain has often shown

unrealized talent for correcting the conditions within a

short time when firm alternatives of “clean up or dump the

condensate” are given. In the cas~ of Module brine heater

leakage, recovt:ry has been easily achieved by adjusting

brine &/or steam pressures so the leakage is in the opposit,p

direction. This would riot be the case with a production

flash plantts operating with its maximum brine temperature

above 212 F.

COORDINATION OF OPERATION

A difficult problem has been in th~ field of inter-

activity personnel communications on the operating l~vel to

achieve a fully coordinated operation. Control rooms are

separate and communication is generally confined to telephones

with little opportunity for personal rapport. This wa$ made

more difficult due to there being two ~eparate organizations

involved each with its own objectives of providing power and

water which are seldom completely compatible.

In an effort to alleviate some of these problems? power

plant operating personnel were given several training sessions

on the theory and mechanics of multi-stage multi-effect flash
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evaporation. This coupl~d with on-~i te observation and their

already versatile background encompassing the variety and

complexity of power plant equipment and control gave them

a broad understanding of the combined cycle and its problems.

An offer was made to informally provide power plant familiar-

ization tours which has been accepted to some degree. Where

this has occurred, communications have improved on an individual

basis. M,utual understanding of each ~th~r’~ operation and

problem~ seems to be a key factor and a greater use of

scheduled cross familiarization should be highly beneficial.

CONCLUSIONS—— —-

Optirnum power and water production rates not always being

compatible prevents full utilization of the investment in the

water conversion equipm~nt. This unfortunately has the effect

of increasing either or both fixed & op~rating costs of pro-

ducing water. Water storage alone is not the answer as the

problem of a low load factor necessarily remains. Maintaining

a constant water production rate in a combined water-power

cycle requires a base loaded power production unit, means of

extracting from a higher turbine extraction stage? OT throttle

steam, or use of brine as a heat storage medium as suggested

by one author. 2 Nuclear units ar~ pres~ntly op~rated at

high~r load factors than most fossil units and provide a more

compatible load pat-tern for wat~r production. One must not

overlook considering the future, however, and try to predict

—..
2P.H. Margen

——. ——
“Hot Brine Energy Store” Energy International?

16-20 (May 1969)
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their load pattern throughout their 30 to 40 year operating

period. Alternate sources of steam have the @ffect of in-

creasing both fixed and operating costs of producing water.

Heat storage also requires a substantial investment and

increases the complexity of turbine controls. It therefore

becomes clear that the theoretical cost of producing wajer

in a combined cycle is subject to many variables all tending

to increase the cost relative to theoretical treatments of

the costs.

It does not appear th~t interruptible power supplies

without some back-up would be used in a combined plant

specifically designed for the purpose. The possibility of a

power interruption, however r~mote, does introduc~ the need

for electrical controls and equipment to be designed for

IIfail safell status in case of such a failure. This sami?

criterion also applies to pneumatically operated controls.

Turbin@ extraction controls have generally proved to be

satisfactory although high pressure hydraulic drive units

need the same duplication of pumping units for continuity

of op~ration as turbine manufacturers presently us~ for

their new hydraulic governing systems. It appears fea~ible

for the same equipment to serv~ both functions with turbines

already so equipped.

Condensate quality control does not appear to be a

problem in the pr~sent installation. It should be kept in

mind, however, that utilizing a nuclezr plant may impose

more strinaent conditions of returned condensate quality
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than halve proved to be satisfactory in the present installation

and may provide some difficulty. This would be particularly

true in a ~ingle cycl~ nuclear plar~-t using a boiling water

reactor.

Too much empha~is cannot be placed on coordination of

personnel on all level~. If it is not possible for the same

organization to operate both thle powe~ & water production

phas~s undvr common supervision, cross training of both

groups in both operations remains a nece~sity for mutual

understanding of each other’s problems. It has been suggested

that adjoining control rooms, if not a common one, would be

highly beneficial in providing a continuity of closing the

communication gap.

This discussion of practical problems has necessarily

only covered th~ major highlights. E~ch day presents either

a ncw one or a variation of a previolJs on~. Fortunately,

rrio~tare small, easily recognized and remedied and do not

interfere with the basic concept of combined cycle operation.
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